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Abstract: Both efficacy and tolerability are critical issues in choosing neoadjuvant chemotherapy in patients with
unresectable locally advanced pancreatic cancer (LAPC). The optimal regimen and the impact of conversion surgery
on patient survival remains insufficiently reported in Asain population. Therefore, we conducted a retrospective
study aiming to evaluate the resection rate after different induction chemotherapy regimen and its impact toward
survival. All patients with pancreatic cancer treated in our institute from 2013 to 2020, a total of 730 patients,
were reviewed and 131 patients with LAPC were identified. For cohort homogeneity, 14 patients receiving induction
concurrent chemoradiotherapy initially were excluded and 117 patients receiving induction chemotherapy were
included in the study. Most patients (90 of 117, 77%) received triplet induction chemotherapy, including the combination of S1, leucovorin, oxaliplatin and gemcitabine (SLOG) in 48, modified FOLFIRINOX in 21 and the combination of gemcitabine, oxaliplatin, fluorouracil and leucovorin (GOFL) in 21. The tumor response rate (19%-33%), the
surgical exploration rate (38%-52%) and the mOS (15.4-23.0 months) were not significantly different among the
three triplets. Both GOFL and SLOG regimen had comparable efficacy and less neutropenia as compared to mFOLFIRINOX. Conversion surgery was performed in 34 of 117 (29%) patients after induction chemotherapy. The median
overall survival (mOS) in patients with and without conversion surgery were 29.1 and 14.1 months, respectively
(P<0.0001). Radiological response alone was not a reliable indicator of successful conversion surgery. Patients
who underwent conversion surgery had significantly better survival and thus highlighted the importance of surgical
exploration in all patients who did not have progressive disease after induction chemotherapy.
Keywords: Locally advanced pancreatic cancer, combination induction chemotherapy, conversion surgery

Introduction
Pancreatic ductal adenocarcinoma (PDAC), characterized by its poor prognosis, is the third or
fourth leading cause of cancer-related death in
most of developed countries and is projected

to be the second leading cause of cancer-related death by 2026 in the U.S. [1, 2]. The main
driver for poor survival has been largely attributed to the advanced stage upon diagnosis
with less than 20 percent of patients suitable
for curative resection. Approximately 30% of
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patients presented with unresectable locally
advanced PDAC (LAPC) characterized by the
involvement of major vessels [3, 4]. As the
improvement of image resolution, and the
known differences in their clinical outcomes
after surgical intervention, stage III PDAC has
been further divided into borderline resectable
pancreatic cancer (BRPC) and unresectable
locally advanced pancreatic cancer (LAPC) according to whether the tumor involved major
vessel greater than 180° or not [5].
Systemic chemotherapy has been the main
treatment strategy for patients of both LAPC
and metastatic pancreatic cancer (mPC) in the
era of gemcitabine monotherapy, as evident
by the inclusion of both patients with either
locally advanced disease or metastatic diseases in earlier phase III trials evaluating gemcitabine versus gemcitabine-based doublet for
advanced pancreatic cancer. The median overall survival (mOS) of patients in gemcitabine
monotherapy arm was 8.8-13 months for LAPC
[6, 7]. The data was largely confirmed by the
LAP-07 trial in which patients received gemcitabine monotherapy after first randomization
was 13.8 months [8]. On the other hand, the
pivotal trials that demonstrated the survival
benefits of modern chemotherapy regimens,
FOLFIRINOX and nab-paclitaxel plus gemcitabine (nab-P+Gem), only included patients with
mPC. The first publication that indicated the
usefulness of FLOFIRINOX for patients with
LAPC was a retrospective, pooled analysis. Of
the 315 patients with survival outcomes, the
medain progression-free survival (mPFS) and
mOS were 15.0 (95% confidence interval [95%
CI], 13.7-16.3) months and 24.2 (95% CI, 21.726.8) months, respectively. Among them, 59
could undergo R0 conversion resection. Subsequently, several large-scale, retrospective,
single institutional or multi-center studies showed the survival benefit of conversion surgery
for LAPC after induction chemotherapy, mostly
with FOLFIRINOX [9]. Currently, FOLFIRINOX is
the recommended frontline therapy for fit LAPC
patients by the guidelines of the American
Society of Clinical Oncology (ASCO), the National Comprehensive Cancer Network (NCCN) and
the Japanese Pancreas Society (JPS) [10-12].
Both efficacy (increase resectibility) and tolerability (no delay of surgey) are critical issues in
neoadjuvant setting. Although FOLFIRINOX is
effective, treatment related toxicities might
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preclude its continuation treatment. In a retrospective study in BRPC/LAPC, 27 of 139
(19.4%) patients required neoadjuvant chemotherapy switch due to toxicity or intolerance. For
known being more toxic in Asian population
[13], and late and limited reimbursement of
both FOLFIRINOX and nab-P+Gem regimens for
patients with metastatic diseases in Taiwan,
our practice for LAPC has been largely relied on
our own gemcitabine-based triplet chemotherapy regimens consisting of biweekly gemctiabine, oxaliplatin plus leucovorin modulated fluoropyrimidine, either 48 hour infusion of 5-FU/
LV (the GOFL regimen) or oral S-1/LV (the SLOG
regimen). Both regimens were effective (objective response rate [ORR] 33.3-40.7%) and welltolerated (24.4-40% of grade 3-4 neutropenia)
in phase II studies [14-17].
The impact of conversion surgery on patient
survival remains insufficiently reported in Asian
population. Besides, it remains unclear (1) which is the preferable regimen in terms of resection rate, survival and safety profile; (2) whether
a more aggressive surgery strategy is beneficial (eg, surgical exploration in those without
radiological response). Herein, we report a retrospective study of LAPC patients receiving
different frontline induction chemotherapy to
explore the resection rate after different regimen and its impact toward survival for patients
with LAPC.
Materials and methods
All patients with PDAC receiving treatment
at National Cheng Kung University Hospital
(NCKUH) from 2013 to 2020 were identified by
institutional PDAC tumor board registration.
The inclusion criteria was patients with LAPC.
The exclusion criteria included (1) patients with
LAPC who did not receive chemotherapy as initial treatment (2) patients with BRPC. All identified cases were manually reviewed for clinical
stage, treatment course and baseline Eastern
Cooperative Oncology Group performance status (ECOG PS), albumin and CA 19-9 at baseline and before surgical exploration. The initial
radiological image before treatment was also
reviewed for tumor size and vessel encasement
status to determine whether the case was
classified as BRPC or LAPC. The definition of
BRPC was based on the anatomical criteria
from the international consensus of International Association of Pancreatology [18]. BRPC
Am J Cancer Res 2022;12(5):2189-2202
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Figure 1. Study schema. The patient selection flowchart, the surgical exploration rate and conversion surgery (R0/R1 resection)
rate following induction chemotherapy were demonstrated.

was defined as a tumor contact of less than
180° of celiac trunk/superior mesenteric artery without deformity or stenosis, or tumor
contact 180° or greater or bilateral narrowing
of portal vein/superior mesenteric vein without
contact of artery.
Tumor assessment was done by computed
tomography (CT) or magnetic resonance imaging (MRI) before treatment and every 12 weeks
after treatment mainly based on national health insurance regulation and at physician’s
discretion. Tumor response was assessed by
The Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. Adverse events were retrospectively reviewed based on Common Terminology Criteria for Adverse Events
(CTCAE) version 4.0.3. This retrospective study
was approved by Institutional Review Board
(approval number NCKUH A-ER-108-113) with
waiver of informed consents and followed the
Declaration of Helsinki.
Descriptive statistics are presented as median
or percentage, as appropriate. KolmogorovSmirnov test is used for evaluation of normality
of data distribution. Fisher’s exact test was
used to compare the difference in proportion
between groups. The median duration of followup was estimated using the reverse Kaplan2191

Meier method. Progression-free survival (PFS)
was calculated from the initial treatment to
documented radiological/clinical progression,
recurrence in patients who underwent conversion surgery or death. PFS was censored at discontinuation of a regimen without progression
(eg, intolerance or patient choice), loss of follow-up or data cut-off. Overall survival was calculated from the initial treatment to death while
censoring for loss of follow-up or data cut-off.
Survival was estimated by the Kaplan-Meier
method, and survival differences between groups were compared by the log-rank test. All
variables with P<0.05 were statistically significant. All statistical analyses were performed
using R version 4.0.5 (R Core Team, Vienna,
Austria).
Results
Patient cohort
A total of 730 patients with PDAC were identified and 179 patients (25%) were classified as
stage III PDAC. For cohort homogeneity, 48
patients with BRPC and 14 patients with LAPC
treated with induction concurrent chemoradiotherapy (CCRT) were excluded. Finally, 117 patients with LAPC treated with induction chemotherapy were included in the study (Figure 1).
Am J Cancer Res 2022;12(5):2189-2202
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Table 1. Baseline characteristics
Overall
(N=117)

SLOG
(N=48)

First line chemotherapy
mFOLFIRINOX
GOFL
(N=21)
(N=21)

Others
(N=27)

Conversion surgery
Yes
No
(N=34)
(N=83)

Age
<55 years old

25 (21.4%)

11 (22.9%)

3 (14.3%)

7 (33.3%)

4 (14.8%)

8 (23.5%)

17 (20.5%)

55-70 years old

69 (59.0%)

28 (58.3%)

18 (85.7%)

12 (57.1%)

11 (40.7%)

20 (58.8%)

49 (59.0%)

>70 years old

23 (19.7%)

9 (18.8%)

0 (0%)

2 (9.5%)

12 (44.4%)

6 (17.6%)

17 (20.5%)

Female

49 (41.9%)

21 (43.8%)

4 (19.0%)

10 (47.6%)

14 (51.9%)

15 (44.1%)

34 (41.0%)

Male

68 (58.1%)

27 (56.3%)

17 (81.0%)

11 (52.4%)

13 (48.1%)

19 (55.9%)

49 (59.0%)

Head

46 (39.3%)

20 (41.7%)

5 (23.8%)

7 (33.3%)

14 (51.9%)

17 (50.0%)

29 (34.9%)

Body

43 (36.8%)

18 (37.5%)

12 (57.1%)

6 (28.6%)

7 (25.9%)

8 (23.5%)

35 (42.2%)

Tail

10 (8.5%)

4 (8.3%)

0 (0%)

3 (14.3%)

3 (11.1%)

4 (11.8%)

6 (7.2%)

Overlap including head

11 (9.4%)

4 (8.3%)

2 (9.5%)

2 (9.5%)

3 (11.1%)

2 (5.9%)

9 (10.8%)

Gender

Tumor location

Overlap excluding head

7 (6.0%)

2 (4.2%)

2 (9.5%)

3 (14.3%)

0 (0%)

3 (8.8%)

4 (4.8%)

22.9 (20.1-25.1)

23.3 (21.6-24.6)

22.9 (19.7-25.9)

22.2 (20.7-23.7)

22.3 (19.6-24.8)

23.3 (21.4-25.6)

22.6 (19.7-24.9)

108 (92.3%)

45 (93.8%)

20 (95.2%)

21 (100%)

22 (81.5%)

34 (100%)

74 (89.2%)

9 (7.7%)

3 (6.3%)

1 (4.8%)

0 (0%)

5 (18.5%)

0 (0%)

9 (10.8%)

Median (IQR)

4.00 (3.70-4.40)

3.90 (3.60-4.20)

4.35 (4.03-4.50)

4.30 (3.88-4.60)

3.95 (3.53-4.35)

4.00 (3.70-4.33)

4.10 (3.60-4.40)

Not checked

14 (12.0%)

5 (10.4%)

3 (14.3%)

1 (4.8%)

5 (18.5%)

6 (17.6%)

8 (9.6%)

Median (IQR)

355 (59.0-1340)

282 (53.7-708)

478 (37.7-699)

526 (108-2530)

655 (68.7-1420)

282 (77.9-1570)

369 (49.2-1070)

Not checked

7 (6.0%)

2 (4.2%)

0 (0%)

0 (0%)

5 (18.5%)

2 (5.9%)

5 (6.0%)

4.10 (3.20-5.00)

3.85 (3.00-4.58)

4.50 (3.70-5.50)

4.20 (3.60-5.10)

3.80 (3.25-4.40)

3.90 (3.00-4.45)

4.10 (3.25-5.00)

BMI, Median (IQR)
ECOG
0-1
2
Baseline albumin, g/dl

Baseline CA-19.9, U/mL

Tumor size, cm, median (IQR)
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Induction chemotherapy regimen
Only 9 patients (7.7%) received gemcitabine or
S1 monotherapy while the other 108 patients
received a variety of different combination; the
majority of patients received triplet chemotherapy, including combination of S1, leucovorin,
oxaliplatin and gemcitabine (SLOG) in 48
patients, modified FOLFIRINOX (mFOLFIRINOX,
reducing irinotecan to 150 mg/m2 and omitting
bolus 5-FU) in 21 patients and combination of
gemcitabine, oxaliplatin, fluorouracil and leucovorin (GOFL) in 21 patients (Table 1). The
remainder underwent different kinds of regimen with each regimen no more than 10
patients and were not suitable for detailed
analysis. The baseline characterictics were not
significantly different among patients received
three major triplet except there were 19% of
patients in SLOG arm were more than 70 years
old while all patients in mFOLFIRINOX arm were
aged under 70 (Table 1).
As of data cut-off on December 31th, 2021, the
median duration of follow-up was 35.0 months
(95% confidence interval [95% CI], 20.9-46.3).
The mOS were not significantly different among
3 commonly used triplet, 23.0 months (95% CI,
14.2-NE) in SLOG, 18.8 months (95% CI, 16.129.1) in mFOLFIRINOX and 15.4 months (95%
CI, 13.2-29.2) in GOFL (Figure 2A). The ORR of
each triplet chemotherapy SLOG, mFOLFIRINOX and GOFL were 33.3%, 28.6% and 19.0%,
respectively (Figure 2B). The surgical exploration rate after induction chemotherapy of SLOG,
mFOLFIRINOX and GOFL were 21/48 (44%),
8/21 (38%) and 11/21 (52%), respectively
(Figure 2C).
Impact of conversion surgery on survival

Figure 2. Treatment efficacy of commonly used
chemotherapy regimen. A. Overall survival of three
commonly used triplet chemotherapy SLOG, mFOLFIRINOX and GOFL. B. Best tumor response of each
triplet. C. Surgical exploration rate of each triplet.

2193

Conversion surgery (R0/R1 resection) was performed in 34 of 117 (29%) patients following
induction chemotherapy. The baseline characteristics, including age (62.5 vs. 65 years), porpotion of ECOG PS 0-1 (100% vs. 89.2%), albumin (4.0 vs. 4.1 g/dl), CA-19.9 (282 vs. 369 U/
mL) and tumor size (3.9 vs. 4.1 cm), were not
significnatly different between patients underwent conversion surgery or not (Table 1). Among 117 patients, 30 patients (25.6%) had partial response and 15 of them underwent conversion surgery; 69 patients had stable disease
and 18 of them underwent conversion surgery
(Table 2). Three patients underwent conversion

Am J Cancer Res 2022;12(5):2189-2202

Conversion surgery in LAPC
Table 2. Treatment response
Overall
(N=117)
Best tumor response
Partial response
Stable disease
Progressive disease
Not evaluable
Resected status
R0
R1
R2
Unresectable intraoperatively
No surgical exploration

SLOG
(N=48)

First line chemotherapy
mFOLFIRINOX
GOFL
(N=21)
(N=21)

Others
(N=27)

30 (25.6%)
69 (59.0%)
13 (11.1%)
5 (4.3%)

16 (33.3%)
24 (50.0%)
5 (10.4%)
3 (6.3%)

6 (28.6%)
14 (66.7%)
1 (4.8%)
0 (0%)

4 (19.0%)
14 (66.7%)
3 (14.3%)
0 (0%)

4 (14.8%)
17 (63.0%)
4 (14.8%)
2 (7.4%)

23 (19.7%)
11 (9.4%)
2 (1.7%)
8 (6.8%)
73 (62.4%)

15 (31.3%)
5 (10.4%)
0 (0%)
1 (2.1%)
27 (56.3%)

3 (14.3%)
0 (0%)
0 (0%)
5 (23.8%)
13 (61.9%)

4 (19.0%)
4 (19.0%)
1 (4.8%)
2 (9.5%)
10 (47.6%)

1 (3.7%)
2 (7.4%)
1 (3.7%)
0 (0%)
23 (85.2%)

surgery after second line chemotherapy, including 2 stable disease and 1 progressive disease
during first line treatment.
The survival of patients who underwent conversion surgery was significantly better than
those without conversion surgery with a corresponding mPFS of 14.2 months (95% CI, 12.619.4) versus 6.6 months (95% CI, 5.2-8.3) and
mOS of 29.1 months (95% CI, 26.4-NE) versus 14.3 months (95% CI, 13.4-18.3) months
(P<0.0001) (Figure 3A and 3B). To minimize
possible selection bias, propensity score matching analysis with 1:1 matching and caliper of
0.1 was performed. Baseline characteristics
were better balanced after propensity score
matching. The survival benefit of conversion
surgery remained significant after matching with a mOS of 29.0 months (95% CI, 23.8-NE)
months and 17.7 months (95% CI, 14.1-28.8) in
patients with or without conversion surgery
(P=0.032). A multivariate Cox proportional hazard model was constructed to adjust all possible confounding factors including age, gender,
tumor size, different regimen and treatment
response. After adjustment, the survival benefit of conversion surgery remained significant
with a hazard ratio of 0.2 (95% CI, 0.10-0.40)
(Table 3).
Impact of consolidative CCRT
Figure 3. Survival impact of conversion surgery. A.
Progression-free survival in patients with and without conversion surgery. B. Overall survival in patients
with and without conversion surgery. Arrow indicated
immortal time bias.
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A total of 31 patients underwent consolidation
CCRT after induction chemotherapy including
26 patients enrolled in the investigator-initiated trial T2212 and underwent consolidative
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Table 3. Multivariate Cox proportional hazard model
Variable
Age
Gender
Female
Male
Tumor size
First line treatment
Gemcitabine or S1 monotherapy
SLOG
mFOLFIRINOX
GOFL
Gemcitabine+S1
Gemcitabine+nab-paclitaxel
Other combination
Best overall response
Partial response
Stable disease
Progression disease
Not evaluable
Conversion surgery
No
Yes

CCRT according to protocol [14]. The mOS was
18.8 months (95% CI, 15.4-24.9) months as
compared to 18.2 months (95% CI, 13.7-26.4)
months for patients received induction chemotherapy only (P=0.5). The conversion surgery rate was not different between patients
with or without consolidative CCRT, 29.0% versus 29.1%, respectively.
Forty-four patients were enrolled in the clinical
trial in the first line setting including 36 patients
in T2212, 7 patients in T5217 and 1 patient in
T1216 trial, all clinical trials belonging to the
Taiwan Cooperative Oncology Group (TCOG)
[14, 17, 19]. The mPFS and mOS for patients
enrolled in the clinical trial were 8.3 months
(95% CI, 6.6-11.0) and 18.3 months (95% CI,
16.1-27.3) while 8.7months (95% CI, 5.4-11.2)
and 17.0 months (95% CI, 14.1-26.5) for those
not enrolled in the clinical trial (Figure 4A and
4B).
Pathological characteristics and adjuvant chemotherapy
The pathological characteristics of 34 patients
who underwent conversion surgery were summarized in Table 4. Two patients achieved com2195

HR (95% CI)
1.00 (0.97-1.02)

P
0.88

Reference
0.80 (0.49-1.29)
1.03 (0.90-1.19)

0.36
0.65

Reference
0.82 (0.33-2.04)
0.45 (0.17-1.17)
0.66 (0.25-1.75)
0.41 (0.14-1.22)
0.20 (0.06-0.75)
0.79 (0.19-3.23)

0.66
0.10
0.40
0.11
0.02
0.74

Reference
1.50 (0.84-2.68)
5.79 (2.47-13.56)
40.11 (8.64-186.31)

0.17
<0.001
<0.001

Reference
0.20 (0.10-0.40)

<0.001

plete pathological remission. The median number of lymph node dissections was 20. R0
resection was achieved in 23 patients (65.7%).
At data cut-off, 24 of 34 resected patients
experienced tumor recurrence. The mRFS was
11.2 months (95% CI, 7.2-20.2) in patients with
R0 resection while 3.8 months (95% CI, 1.214.8) in patients with R1 resection (Figure 5A).
The corresponding mOS in patients with R0
resection or R1 resection were 29.2 months
(95% CI, 24.9-NE) and 26.4 months (95% CI,
9.6-30.9) (Figure 5B). Pathological response
was not reported in 2 patients. Major pathological response (tumor regression grade 0-1) was
observed in 11 patients (31.4%). The mRFS
and mOS was 11 months and not reached in
patients with major pathological response
while 10 months and 26.4 months in patients
without major pathological response.
Five patients (14.7%) did not receive adjuvant
chemotherapy including 3 patient’s refusal and
2 early recurrence within 2 months. Both patients with early recurrence had R1 resection.
Eighteen patients (52.9%) received the same
regimen as induction chemotherapy used while
11 patients (32.4%) received different regimens (Table 4). For patients using different
Am J Cancer Res 2022;12(5):2189-2202
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neutropenia (18.8%-42.9%) and thrombocytopenia (4.8%-18.8%) (Table 5). The SLOG regimen had fewer grade 3-4 neutropenia but
more grade 3-4 thrombocytopenia. No significant difference in adverse events were observed between patients who underwent conversion surgery or not.
Discussion
Our study demonstrated induction chemotherapy could achieve a mPFS of 8.6 months and a
mOS of 18.3 months in patients with LAPC. In
our study, 44 of 117 patients (38%) underwent
surgical exploration and 34 patients (29%) who
achieved complete resection had a mOS of
29.1 months. Our study unbiasedly enrolled all
patients with LAPC treated in our institute. To
the best of our knowledge, our study is the first
report of an unbiased cohort of LAPC in Asian
population.

Figure 4. Survival impact of enrollment in clinical
trial. A. Progression-free survival in patients who
enrolled in clinical trial or not. B. Overall survival in
patients who enrolled in clinical trial or not.

regimens as adjuvant chemotherapy, only
gemcitabine alone, S1 alone or gemcitabine
plus S1 were used (Figure 5C). No patient
received mFOLFIRINOX as adjuvant chemotherapy. Three patients (2 clinical progression and
1 radiological progression) underwent conversion surgery after re-induction with second line
chemotherapy. One patient using SLOG as
first line induction chemotherapy switched to
nal-IRI+5-FU/LV; another patient receiving first
line mFOLFIRINOX switched to gemcitabine+S1
and the other undergoing nab-P+Gem initially
then switched to nal-IRI+5-FU/LV+oxaliplatin
(NALIRINOX) (Figure 5C).
Safey profiles
All three triplet were well-tolerated and the
most common grade 3-4 adverse effects were
2196

Our study was comparable to the experience
from Johns Hopkins Hospital which 116 of 461
patients (28%) underwent surgical exploration
and 84 patients (20%) achieved complete
resection yielding a mOS of 35.3 months [20].
Similarly, Reni et al reported a 21/151 (13.9%)
resection rate in LAPC with a mOS of 30.0
months in resected patients [21]. Recently, the
multi-center NEOLAP study also reported a similar result that 82 of 130 patients (63%) underwent surgical exploration and 52 patients (40%)
with complete resection had a mOS of 27.5
months [22]. Notably, in the LAP-07 study,
although only 18 of 442 patients (4%) underwent conversion surgery, the mOS was 30.9
months in resected patients [8].
Patients eligible for conversion surgery is no
doubt a highly selected population and therefore a better survival is apparently expected.
Concerning selection bias, the usefulness of
conversion surgery in chemotherapy responder
was questioned by the observation that, in the
study from the Heidelberg group, 76 of 125
patients (60.8%) underwent conversion surgery
following induction FOLFINONOX with an estimated mOS of 22.5 months while induction
FOLFIRINOX yielding a mOS of 24.2 months
with only 25.9% resection rate in a patient level
meta-analysis [23-25]. As demonstrated in
Figure 2B, a horizontal line from 0 to 6 months
on the Kaplan-Meier curve in conversion surgery group indicated a immortal time bias
Am J Cancer Res 2022;12(5):2189-2202
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Table 4. Pathological characteristic
Time to surgery, months, median (range)
Pathological stage
pCR
IA
IB
IIA
IIB
III
LN dissected, median (range)
LN positivity, %, median (range)
LN involvement
N0
N1
Resection margin
R0
R1
Tumor regression grade
TRG 0-1
TRG 2-3
Not reported
Adjuvant chemotherapy
Same as induction chemotherapy
Different regimen
No adjuvant chemotherapy

which is a common but often underestimated
problem [26]. Not only immortal time bias but
also other possible selection bias in our study
was managed as much as possible by propensity score matching and Cox regression analysis. The benefit of conversion surgery remained
significant after matching and adjusting which
provided a real-world evidence to support the
role of conversion surgery after induction chemotherapy. Similarly, immortal time bias was
also demonstrated in the study from Johns
Hopkins Hospital and the survival benefit
remained significant after adjustment which
justified the role of conversion surgery after
induction chemotherapy. Considering ethical
issues, patient and physician preference, it is
almost impossible to conduct a randomized
controlled trial comparing continued chemotherapy versus conversion surgery in patients
whose disease did not progress after induction
chemotherapy. A high-quality real-world evidence is highly demanded and our study thus
filling the gap between clinical trial and clinical
practice.
2197

Conversion surgery (N=34)
6.20 (2.91-13.6)
2 (5.9%)
2 (5.9%)
5 (14.7%)
8 (23.5%)
12 (35.3%)
5 (14.7%)
20 (2-46)
0 (0-33.3)
20 (58.8%)
14 (41.2%)
23 (67.6%)
11 (32.4%)
11 (32.4%)
21 (61.8%)
2 (5.9%)
18 (52.9%)
11 (32.4%)
5 (14.7%)

The selection criteria of surgical exploration
after induction chemotherapy remains undetermined. The Japanese Society of Hepato-BiliaryPancreatic Surgery suggested conversion surgery in patients who received non-surgical anticancer treatment for more than 240 days [27].
The NCCN guideline suggested surgical exploration in feasible patients who was not progressed after a 4-6 months induction chemotherapy without detailed definition [11]. The
ASCO guideline suggested conversion surgery
should only be considered at high-volume centers while ESMO guideline did not offer any
comment regarding to this issue [10, 28]. In our
study, 52.9% of resected patients did not fulfill
the response criteria of RECIST 1.1 but successfully underwent conversion surgery. On the
other hand, 18.1% of patients had partial
response as per RESCIST but did not underwent conversion surgery which suggested
radiological response alone was not an reliable
indicator of conversion surgery. The survival
benefit of conversion surgery remained significant after propensity score matching and
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logical evaluation alone is not reliable to determine resectability and a more aggressive surgical exploration strategy should be considered
in all patients without progressive disease after
neoadjuvant chemotherapy [20].

Figure 5. Outcome in resected patients. A. Recurrence-free survival in patients with R0 and R1 resection. B. Overall survival in patients with R0 and R1
resection. C. Regimen used in induction phase and
adjuvant setting. Three patients successfully underwent conversion surgery after second line chemotherapy.

adjusting with Cox regression analysis which
suggested a more aggressive surgical exploration strategy may be beneficial. Our experience
was consistent with previous report that radio2198

While induction chemotherapy with a newer
combination regimen is recommended, the optimal regimen is still unclear. The GERCOR and
GISCAD trial was the only phase III randomized
controlled trial comparing the efficacy of combination chemotherapy versus gemcitabine
monotherapy in LAPC [29]. A total of 157 and
156 patients were allocated to the gemcitabine
plus oxaliplatin or gemcitabine monotherapy,
respectively. The addition of oxaliplatin significantly increased ORR from 17.3% to 26.8%
and mPFS increased from 3.7 months to 5.8
months. However, no significant improvement
of mOS was observed (7.1 months versus 9.0
months, P=0.13). As a result, the ESMO guideline stated that gemcitabine monotherapy
remained the standard of care in LAPC [28]. On
the other hand, the ASCO guideline and the
NCCN guideline suggested combination chemotherapy rather than monotherapy based on
retrospective studies and expert experience in
LAPC or experience from metastatic PDAC [10,
11, 30]. In fact, the resection rate following
induction therapy in LAPC was relatively low in
the era of gemcitabine monotherapy. Only 5 of
119 patients (4.2%) in the phase III FFCD/SFRO
trial, 2 of 313 patients (1%) in the phase III
GERCOR and GISCAD trial, 5 of 74 (6.8%)
patients in the phase II SCALOP trial and 18 of
442 (4%) in the phase III LAP-07 trial underwent resection after induction therapy [7, 8, 29,
31]. By contrast, FOLFIRINOX achieved a 26%
resection rate in a patient level pooled metaanalysis and the combination of nab-P+Gem
demonstrated a 16% resection rate in the single arm multi-center phase II LPACT trial [25,
32]. In our study, the tumor response rate
(19%-33%), the surgical exploration rate (38%52%) and the mOS (15.4-23.0 months) were
not significantly different among three triplets
SLOG, mFOLFIRINOX and GOFL. Nab-P+Gem,
another commonly used regimen in metastatic
PDAC, yield a tumor response rate of 36/107
(33.6%), a surgical exploration rate of 20/107
(18.7%) and a mOS of 18.8 months in the single arm multi-center LAPACT trial [32]. Recently,
in the randomized phase II NEOLAP trial, nabP+Gem arm or sequential FOLFIRINOX arm
yielded a similar tumor response rate (22% vs.
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Table 5. Safety profile of commonly used triplet

Neutropenia
Grade 0
Grade 1-2
Grade 3-4
Anemia
Grade 0
Grade 1-2
Grade 3-4
Thrombocytopenia
Grade 0
Grade 1-2
Grade 3-4
Creatinine increased
Grade 0
Grade 1-2
Hepatitis
Grade 0
Grade 1-2
Grade 3-4
Hyperbilirubinemia
Grade 0
Grade 1-2
Grade 3-4

SLOG
Conversion No Conversion
Surgery
Surgery
(N=20)
(N=28)

mFOLFIRINOX
Conversion No Conversion
Surgery
Surgery
(N=3)
(N=18)

GOFL
Conversion No Conversion
Surgery
Surgery
(N=8)
(N=13)

11 (55.0%)
6 (30.0%)
3 (15.0%)

12 (42.9%)
10 (35.7%)
6 (21.4%)

1 (33.3%)
1 (33.3%)
1 (33.3%)

6 (33.3%)
4 (22.2%)
8 (44.4%)

2 (25.0%)
3 (37.5%)
3 (37.5%)

4 (30.8%)
7 (53.8%)
2 (15.4%)

1 (5.0%)
17 (85.0%)
2 (10.0%)

4 (14.3%)
19 (67.9%)
5 (17.9%)

0 (0%)
3 (100%)
0 (0%)

1 (5.6%)
17 (94.4%)
0 (0%)

1 (12.5%)
6 (75.0%)
1 (12.5%)

2 (15.4%)
10 (76.9%)
1 (7.7%)

6 (30.0%)
11 (55.0%)
3 (15.0%)

9 (32.1%)
13 (46.4%)
6 (21.4%)

1 (33.3%)
2 (66.7%)
0 (0%)

8 (44.4%)
9 (50.0%)
1 (5.6%)

0 (0%)
7 (87.5%)
1 (12.5%)

1 (7.7%)
11 (84.6%)
1 (7.7%)

17 (85.0%)
3 (15.0%)

22 (78.6%)
6 (21.4%)

3 (100%)
0 (0%)

17 (94.4%)
1 (5.6%)

7 (87.5%)
1 (12.5%)

12 (92.3%)
1 (7.7%)

13 (65.0%)
6 (30.0%)
1 (5.0%)

15 (53.6%)
13 (46.4%)
0 (0%)

3 (100%)
0 (0%)
0 (0%)

15 (83.3%)
2 (11.1%)
1 (5.6%)

2 (25.0%)
5 (62.5%)
1 (12.5%)

8 (61.5%)
5 (38.5%)
0 (0%)

17 (85.0%)
2 (10.0%)
1 (5.0%)

25 (89.3%)
2 (7.1%)
1 (3.6%)

3 (100%)
0 (0%)
0 (0%)

18 (100%)
0 (0%)
0 (0%)

7 (87.5%)
1 (12.5%)
0 (0%)

13 (100%)
0 (0%)
0 (0%)

17%), surgical exploration rate (62.5% vs.
63.6%) and similar mOS (18.5 months vs. 20.7
months) which suggested both regimen were
reasonable to be used as induction chemotherapy [22]. However, both nab-P+Gem and
FOLFIRINOX were reported with a 70.6-77.8%
grade 3-4 neutropenia in Asian population
which might limited the use of both regimen as
neoadjuvant therapy in Asian population [13,
33]. On the other hand, both GOFL or SLOG
regimen demonstrated comparable efficacy
but less grade 3-4 neutropenia as compared to
modified FOLFIRINOX in multicenter randomization studies [14-17]. Our single institute experience was in line with previous studies that
SLOG or GOFL regimen had comparable efficacy and less neutropenia as compared to mFOLFIRINOX, and could be served as one of first
line treatment option in Asian population.
Our study had some limitations. Firstly, although the SLOG regimen achieved numerically better survival, current study was a retrospective
2199

single institutional experience. The management of LAPC required a multidisciplinary team
which made the practice pattern heterogenous
in different hospitals. As a result, external validation in other institutes will be necessary. A
prospective multicenter single arm study
(NCT05048524) is ongoing to confirm the efficacy of SLOG regimen in localized PDAC.
Secondly, some of the patients in our cohort
participated in investigator-initiated clinical trials which made our study not a pure real-world
study. But all patients treated in our institute,
even those who received only one dose of chemotherapy, were identified and analyzed with
an intention to treat basis which made our
study a reflection of real-world practice. Besides, there was no survival difference between
patients who enrolled in the clinical trial or not.
Conclusions
In this retrospective study, induction chemotherapy with either mFOLFIRINOX, GOFL or
Am J Cancer Res 2022;12(5):2189-2202
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SLOG achieved an improved resection rate and
survival in patients with LAPC. Both GOFL and
SLOG regimen had comparable efficacy and
less neutropenia as compared to mFOLFIRINOX, and could be served as one of first line
treatment option in Asian population. Radiological response was not a reliable indicator of
successful conversion surgery. Patients who
underwent conversion surgery had significantly
better survival and thus highlighted the importance of surgical exploration in all patients who
did not have progressive disease after induction chemotherapy.

[6]

[7]

Disclosure of conflict of interest
None.
Address correspondence to: Dr. Li-Tzong Chen,
Department of Internal Medicine, Kaohsiung
Medical University Hospital, Kaohsiung, Taiwan,
100, Tzyou 1st Road, Kaohsiung 80756, Taiwan. Tel:
+88-673-12-1101 Ext. 7451; Fax: +88-673-135612; E-mail: leochen@nhri.edu.tw; Dr. Yan-Shen
Shan, Department of Surgery, National Cheng Kung
University Hospital, College of Medicine, National
Cheng Kung University, 138, Shengli Road, Tainan
70428, Taiwan. Tel: +88-662-35-3535 Ext. 5182;
Fax: +88-662-76-6676; E-mail: ysshan@mail.ncku.
edu.tw

[8]

[9]

References
[1]

[2]

[3]
[4]

[5]

Sung H, Ferlay J, Siegel RL, Laversanne M,
Soerjomataram I, Jemal A and Bray F. Global
cancer statistics 2020: GLOBOCAN estimates
of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin
2021; 71: 209-249.
Rahib L, Wehner MR, Matrisian LM and Nead
KT. Estimated projection of US cancer incidence and death to 2040. JAMA Netw Open
2021; 4: e214708.
Mizrahi JD, Surana R, Valle JW and Shroff RT.
Pancreatic cancer. Lancet 2020; 395: 20082020.
Chang JS, Chen LT, Shan YS, Chu PY, Tsai CR
and Tsai HJ. The incidence and survival of
pancreatic cancer by histology, including rare
subtypes: a nation-wide cancer registry-based
study from Taiwan. Cancer Med 2018; 7: 57755788.
Varadhachary GR, Tamm EP, Abbruzzese JL,
Xiong HQ, Crane CH, Wang H, Lee JE, Pisters
PW, Evans DB and Wolff RA. Borderline resectable pancreatic cancer: definitions, management, and role of preoperative therapy. Ann
Surg Oncol 2006; 13: 1035-1046.

2200

[10]

[11]

[12]

[13]

Melnik MK, Webb CP, Richardson PJ, Luttenton
CR, Campbell AD, Monroe TJ, O’Rourke TJ, Yost
KJ, Szczepanek CM, Bassett MR, Truszkowski
KJ, Stein P, Van Brocklin MW, Davis AT, Bedolla
G, Vande Woude GF and Koo HM. Phase II trial
to evaluate gemcitabine and etoposide for locally advanced or metastatic pancreatic cancer. Mol Cancer Ther 2010; 9: 2423-2429.
Chauffert B, Mornex F, Bonnetain F, Rougier P,
Mariette C, Bouche O, Bosset JF, Aparicio T,
Mineur L, Azzedine A, Hammel P, Butel J,
Stremsdoerfer N, Maingon P and Bedenne L.
Phase III trial comparing intensive induction
chemoradiotherapy (60 Gy, infusional 5-FU
and intermittent cisplatin) followed by maintenance gemcitabine with gemcitabine alone for
locally advanced unresectable pancreatic cancer. Definitive results of the 2000-01 FFCD/
SFRO study. Ann Oncol 2008; 19: 1592-1599.
Hammel P, Huguet F, van Laethem JL, Goldstein
D, Glimelius B, Artru P, Borbath I, Bouche O,
Shannon J, Andre T, Mineur L, Chibaudel B,
Bonnetain F and Louvet C; LAP07 Trial Group.
Effect of chemoradiotherapy vs chemotherapy
on survival in patients with locally advanced
pancreatic cancer controlled after 4 months
of gemcitabine with or without erlotinib: the
LAP07 randomized clinical trial. JAMA 2016;
315: 1844-1853.
Napolitano F, Formisano L, Giardino A, Girelli
R, Servetto A, Santaniello A, Foschini F,
Marciano R, Mozzillo E, Carratu AC, Cascetta P,
De Placido P, De Placido S and Bianco R.
Neoadjuvant treatment in locally advanced
pancreatic cancer (LAPC) patients with FOLFIRINOX or gemcitabine nabpaclitaxel: a single-center experience and a literature review.
Cancers (Basel) 2019; 11: 981.
Balaban EP, Mangu PB and Yee NS. Locally advanced unresectable pancreatic cancer: american society of clinical oncology clinical practice guideline summary. J Oncol Pract 2017;
13: 265-269.
National Comprehensive Cancer Network.
Pancreatic Adenocarcinoma (Version 2.2021).
[February 25, 2021]; Available from: https://
www.nccn.org/professionals/physician_gls/
pdf/pancreatic.pdf.
Okusaka T, Nakamura M, Yoshida M, Kitano
M, Uesaka K, Ito Y, Furuse J, Hanada K and
Okazaki K; Committee for Revision of Clinical
Guidelines for Pancreatic Cancer of the Japan
Pancreas Society. Clinical practice guidelines
for pancreatic cancer 2019 from the Japan
Pancreas Society: a synopsis. Pancreas 2020;
49: 326-335.
Okusaka T, Ikeda M, Fukutomi A, Ioka T, Furuse
J, Ohkawa S, Isayama H and Boku N. Phase II
study of FOLFIRINOX for chemotherapy-naive
Japanese patients with metastatic pancreatic
cancer. Cancer Sci 2014; 105: 1321-1326.

Am J Cancer Res 2022;12(5):2189-2202

Conversion surgery in LAPC
[14] Su YY, Chiu YF, Li CP, Yang SH, Lin J, Lin
SJ, Chang PY, Chiang NJ, Shan YS, Ch’ang HJ
and Chen LT. A phase II randomised trial of
induction chemotherapy followed by concurrent chemoradiotherapy in locally advanced
pancreatic cancer: the Taiwan Cooperative
Oncology Group T2212 study. Br J Cancer
2022; 126: 1018-1026.
[15] Ch’ang HJ, Huang CL, Wang HP, Shiah HS,
Chang MC, Jan CM, Chen JS, Tien YW, Hwang
TL, Lin JT, Cheng AL, Whang-Peng J and Chen
LT. Phase II study of biweekly gemcitabine followed by oxaliplatin and simplified 48-h infusion of 5-fluorouracil/leucovorin (GOFL) in advanced pancreatic cancer. Cancer Chemother
Pharmacol 2009; 64: 1173-1179.
[16] Chiang NJ, Tsai KK, Hsiao CF, Yang SH, Hsiao
HH, Shen WC, Hsu C, Lin YL, Chen JS, Shan YS
and Chen LT. A multicenter, phase I/II trial of
biweekly S-1, leucovorin, oxaliplatin and gemcitabine in metastatic pancreatic adenocarcinoma-TCOG T1211 study. Eur J Cancer 2020;
124: 123-130.
[17] Chiang NJ, Shan YS, Bai LY, Li CP, Chen JS,
Yang SH, Kuo YC, Chao Y, Hsieh YY, Kao HF,
Hsiao CF and Chen LT. TCOG T5217 trial: a
phase II randomized study of SLOG versus
modified FOLFIRINOX as the first-line treatment in locally advanced or metastatic pancreatic ductal adenocarcinoma. J Clin Oncol
2021; 39: 4143-4143.
[18] Isaji S, Mizuno S, Windsor JA, Bassi C, Fernandez-Del Castillo C, Hackert T, Hayasaki A,
Katz MHG, Kim SW, Kishiwada M, Kitagawa H,
Michalski CW and Wolfgang CL. International
consensus on definition and criteria of borderline resectable pancreatic ductal adenocarcinoma 2017. Pancreatology 2018; 18: 2-11.
[19] Tsai H, Yang S, Hsiao C, Kao H, Shan Y, Lin Y,
Yen C, Du J, Hsu C, Wu I and Chen L. P-140 A
phase I study of biweekly abraxane in combination with oxaliplatin and oral S-1/leucovorin
as first line treatment for advanced gastric,
pancreatic and biliary tract cancers. Ann Oncol
2021; 32: S146-S147.
[20] Gemenetzis G, Groot VP, Blair AB, Laheru DA,
Zheng L, Narang AK, Fishman EK, Hruban RH,
Yu J, Burkhart RA, Cameron JL, Weiss MJ,
Wolfgang CL and He J. Survival in locally advanced pancreatic cancer after neoadjuvant
therapy and surgical resection. Ann Surg 2019;
270: 340-347.
[21] Reni M, Zanon S, Balzano G, Nobile S, Pircher
CC, Chiaravalli M, Passoni P, Arcidiacono PG,
Nicoletti R, Crippa S, Slim N, Doglioni C, Falconi
M and Gianni L. Selecting patients for resection after primary chemotherapy for non-metastatic pancreatic adenocarcinoma. Ann Oncol
2017; 28: 2786-2792.

2201

[22] Kunzmann V, Siveke JT, Algul H, Goekkurt E,
Siegler G, Martens U, Waldschmidt D, Pelzer U,
Fuchs M, Kullmann F, Boeck S, Ettrich TJ, Held
S, Keller R, Klein I, Germer CT, Stein H, Friess
H, Bahra M, Jakobs R, Hartlapp I and Heinemann V; German Pancreatic Cancer Working Group and NEOLAP investigators. Nabpaclitaxel plus gemcitabine versus nab-paclitaxel plus gemcitabine followed by FOLFIRINOX
induction chemotherapy in locally advanced
pancreatic cancer (NEOLAP-AIO-PAK-0113): a
multicentre, randomised, phase 2 trial. Lancet
Gastroenterol Hepatol 2021; 6: 128-138.
[23] Hackert T, Sachsenmaier M, Hinz U, Schneider
L, Michalski CW, Springfeld C, Strobel O, Jager
D, Ulrich A and Buchler MW. Locally advanced
pancreatic cancer: neoadjuvant therapy with
folfirinox results in resectability in 60% of the
patients. Ann Surg 2016; 264: 457-463.
[24] Neoptolemos JP, Halloran CM, Ghaneh P and
Kleeff J. Pancreatic cancer and FOLFIRINOX:
should we resect all responders? Ann Surg
2018; 267: e35-e36.
[25] Suker M, Beumer BR, Sadot E, Marthey L, Faris
JE, Mellon EA, El-Rayes BF, Wang-Gillam A,
Lacy J, Hosein PJ, Moorcraft SY, Conroy T,
Hohla F, Allen P, Taieb J, Hong TS, Shridhar R,
Chau I, van Eijck CH and Koerkamp BG.
FOLFIRINOX for locally advanced pancreatic
cancer: a systematic review and patient-level
meta-analysis. Lancet Oncol 2016; 17: 801810.
[26] Lai TY and Hu YW. Neoadjuvant therapy in
resectable pancreatic cancer: immortal time
bias and its correction. J Clin Oncol 2017; 35:
1623.
[27] Satoi S, Yamaue H, Kato K, Takahashi S, Hirono
S, Takeda S, Eguchi H, Sho M, Wada K, Shinchi
H, Kwon AH, Hirano S, Kinoshita T, Nakao A,
Nagano H, Nakajima Y, Sano K, Miyazaki M
and Takada T. Role of adjuvant surgery for patients with initially unresectable pancreatic
cancer with a long-term favorable response to
non-surgical anti-cancer treatments: results of
a project study for pancreatic surgery by the
Japanese Society of Hepato-Biliary-Pancreatic
Surgery. J Hepatobiliary Pancreat Sci 2013;
20: 590-600.
[28] Ducreux M, Cuhna AS, Caramella C, Hollebecque A, Burtin P, Goere D, Seufferlein T,
Haustermans K, Van Laethem JL, Conroy T
and Arnold D; ESMO Guidelines Committee.
Cancer of the pancreas: ESMO Clinical Practice
Guidelines for diagnosis, treatment and followup. Ann Oncol 2015; 26 Suppl 5: v56-68.
[29] Louvet C, Labianca R, Hammel P, Lledo G,
Zampino MG, Andre T, Zaniboni A, Ducreux M,
Aitini E, Taieb J, Faroux R, Lepere C and de
Gramont A; GERCOR; GISCAD. Gemcitabine in

Am J Cancer Res 2022;12(5):2189-2202

Conversion surgery in LAPC
combination with oxaliplatin compared with
gemcitabine alone in locally advanced or metastatic pancreatic cancer: results of a GERCOR
and GISCAD phase III trial. J Clin Oncol 2005;
23: 3509-3516.
[30] Cascinu S, Berardi R, Bianco R, Bilancia D,
Zaniboni A, Ferrari D, Mosconi S, Spallanzani
A, Cavanna L, Leo S, Negri F, Beretta GD,
Sobrero A, Banzi M, Morabito A, Bittoni A,
Marciano R, Ferrara D, Noventa S, Piccirillo
MC, Labianca R, Mosconi C, Casadei Gardini A,
Gallo C and Perrone F. Nab-paclitaxel/gemcitabine combination is more effective than
gemcitabine alone in locally advanced, unresectable pancreatic cancer-a GISCAD phase II
randomized trial. Eur J Cancer 2021; 148:
422-429.
[31] Mukherjee S, Hurt CN, Bridgewater J, Falk S,
Cummins S, Wasan H, Crosby T, Jephcott C,
Roy R, Radhakrishna G, McDonald A, Ray R,
Joseph G, Staffurth J, Abrams RA, Griffiths G
and Maughan T. Gemcitabine-based or capecitabine-based chemoradiotherapy for locally
advanced pancreatic cancer (SCALOP): a multicentre, randomised, phase 2 trial. Lancet
Oncol 2013; 14: 317-326.

2202

[32] Philip PA, Lacy J, Portales F, Sobrero A, PazoCid R, Manzano Mozo JL, Kim EJ, Dowden S,
Zakari A, Borg C, Terrebonne E, Rivera F, Sastre
J, Bathini V, Lopez-Trabada D, Asselah J, Saif
MW, Shiansong Li J, Ong TJ, Nydam T and
Hammel P. Nab-paclitaxel plus gemcitabine in
patients with locally advanced pancreatic cancer (LAPACT): a multicentre, open-label phase
2 study. Lancet Gastroenterol Hepatol 2020;
5: 285-294.
[33] Ueno H, Ikeda M, Ueno M, Mizuno N, Ioka T,
Omuro Y, Nakajima TE and Furuse J. Phase I/II
study of nab-paclitaxel plus gemcitabine for
chemotherapy-naive Japanese patients with
metastatic pancreatic cancer. Cancer Chemother Pharmacol 2016; 77: 595-603.

Am J Cancer Res 2022;12(5):2189-2202

